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DESCRIPTION 

SURFACE ACOUSTIC WAVE DEVICE AND COMMUNICATION DEVICE USING 

SAME 

Technical Field 

The present invention relates to a surface acoustic wave device having a balanced- 
to-unbalanced conversion function and a filtering function, and a communication device 
including such a surface acoustic wave device. 

Background Art 

In recent years, the size and weight of communication devices, such as portable 
telephones, have been substantially reduced. Accordingly, not only has the number and 
size of components been reduced, but also multifunctional components have been 
developed. 

Under such conditions, surface acoustic wave devices used in the RF stage of 
portable telephones, which have a balanced-to-unbalanced conversion function or the 
function of a so-called balun, have been rigorously studied in recent years and have 
commonly been used in GSM, and the possibility of these devices being used in PCS, 
DCS, etc., in future is very high. 

Such surface acoustic wave devices having a balanced-to-unbalanced conversion 
function are disclosed in Japanese Unexamined Patent Application Publication No. 6- 
204781 and Japanese Unexamined Patent Application Publication No. 11-145772. In the 
above-mentioned surface acoustic wave devices, for example, the structure shown in Fig. 
4 is widely used. The surface acoustic wave device shown in Fig. 4 includes a surface 
acoustic wave filter 3 shown in Fig. 5 and a surface acoustic wave filter 4 shown in Fig. 6, 
in which the phase is 180 degrees offset from that of the above surface acoustic wave filter 
3, on a piezoelectric substrate (the piezoelectric substrate is omitted). 

The surface acoustic wave filter 3 is a longitudinally coupled resonator type surface 
acoustic wave filter having three comb-shaped electrode portions (hereinafter called IDTs) 
where an IDT 3 1 and an IDT 33 are anranged on the left and right sides of a middle IDT 
32 along the propagation direction of a surface acoustic wave, and reflectors 14 and 15 are 
arranged so as to sandwich the IDTs 31, 32, and 33. 

The surface acoustic wave filter 4 is a longitudinally coupled resonator type surface 
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acoustic wave filter having three IDTs where an IDT 41 and an IDT 43 are arranged on the 
left and right sides of a middle IDT 42 and reflectors 14 and 15 are arranged so as to 
sandwich the IDTs 4 1 , 42, and 43 . 

In the surface acoustic wave filter 3 and the surface acoustic wave filter 4, the 
phase of the middle IDT 32 and IDT 42 is 180 degrees offset from each other, that is, the 
polarity of the electrode-finger portions 32a and 32b of the IDT 32 is opposite to the 
polarity of the electrode-finger portions 42a and 42b of the IDT 42. 

The terminal connected to the electrode-finger portion 3 lb of the IDT 3 1 and the 
electrode-finger portion 33b of the IDT 33 defines one balanced terminal 6. The terminal 
connected to the electrode-finger portion 41b of the IDT 41 and the electrode-finger 
portion 43b of the IDT 43 defines another balanced terminal 7. The terminal connected to 
the electrode-finger portion 32b of the IDT 32 and the electrode-finger portion 42a of the 
IDT 42 defines a further unbalanced terminal 5. 

In a surface acoustic wave device having a balanced-to-unbalanced conversion 
function, with respect to the transmission characteristics inside the passband between the 
unbalanced signal terminal and each of the balanced signal terminals, the amplitude 
characteristics must be equal and the phase must be 180 degrees offset between them and, 
outside the passband, the amplitude characteristics and the phase characteristics must be 
equal between them. 

. Regarding the amplitude balancing and phase balancing, when a surface acoustic 
wave device having the above-described balanced-to-unbalanced conversion function is 
referred to as a three-port device and, for example, the unbalanced input terminal is 
referred to as a first port and the balanced output terminals are referred to as a second port 
and a third port, respectively, the amplitude balancing and the phase balancing are defined 
as follows. Amplitude balancing = |A|, A= |201og(S21)| - |201og(S31)|, and phase 
balancing = |B-180|, B = |ZS21 - ZS31|. Moreover, S21 is a transfer factor from first port 
to second port and S3 1 is a transfer factor from first port to third port. Regarding such 
balancing between balanced signal terminals, ideally the amplitude balancing is 0 dB and 
the phase balancing is zero degree inside the passband of the surface acoustic wave device. 

However, in the surface acoustic device shown in Fig. 4, there are differences from 
the ideal balancing and the level of the differences cause problems when practically used. 
That is, in the surface acoustic wave filter 3 of the related surface acoustic wave device, 
each of the electrode-finger portions 31a, 32a, and 33a to which the outermost finger 



SUBSTITUTE SHEET (RULE 26) 



WO 03/001667 



FCT/IB02/02352 



- 3 - 

electrodes at the boundaries between the three IDTs (IDT31, IDT32, and IDT33) belong is 
grounded. 

On the other hand, in the surface acoustic wave filter 4 of the related surface 
acoustic device, regarding the electrode-finger portions 41a, 42a, and 43a to which the 
outermost finger electrodes at the boundaries between the three IDTs (IDT41, EDT42, and 
IDT43) belong, the electrode-finger portions 42a of the IDT 42 is connected to the 
unbalanced terminal 5 to define a signal terminal and each of the electrode-finger portions 
41a and 43a of the IDT 41 and IDT 43 is grounded. 

Therefore, at the boundaries between the IDTs 31, 32, and 33 of the surface 
acoustic wave filter 3, since the grounded electrode-finger portions 31a, 32a, and 33a are 
adjacent to each other, no surface acoustic wave is excited. However, at the boundaries 
between the IDTs 41 , 42, and 43 of the surface acoustic wave filter 4, since the electrode- 
finger portion 42a connected to the unbalanced terminal 5 produces a potential difference 
to the grounded electrode-finger portions 41a and 43 a, a surface acoustic wave is excited. 

In this manner, between the surface acoustic wave filter 3 and the surface acoustic 
wave filter 4, since there is a difference whether a surface acoustic wave is excited at the 
boundaries between adjacent IDTs or not, filtering characteristics are substantially 
different This fact causes a problem in that the balancing, particularly the balancing 
inside the passband, is greatly deteriorated in the above-described related surface acoustic 
wave device. 

Disclosure of Invention 

In order to overcome the above-described problems, preferred embodiments of the 
present invention provide a surface acoustic wave device having a balanced-to-unbalanced 
conversion function, in which filtering characteristics of two surface acoustic wave filters 
are substantially the same by changing the arrangement of polarities of electrode fingers at 
the boundaries between IDTs and the balancing, particularly the balancing inside the 
passband is greatly improved, and also provide a communication device including such a 
novel surface acoustic wave device. 

A surface acoustic wave device according to a preferred embodiment of the present 
invention includes a piezoelectric substrate, at least one surface acoustic wave filter 
including at least two comb-shaped electrode portions provided along a propagation 
direction of surface acoustic waves propagated on the piezoelectric substrate, the at least 
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one surface acoustic wave filter arranged on the piezoelectric substrate so as to have a 
balanced-to-unbalanced conversion function. At least one electrode finger of outermost 
electrode fingers in each of adjacent comb-shaped electrode portions is connected to a 
signal terminal. 

According to the above-described surface acoustic wave device, since at least two 
comb-shaped electrode portions are arranged along the propagation direction of a surface 
acoustic wave on a piezoelectric substrate, a passband and a stopband defined by the 
piezoelectric substrate and the comb-shaped electrode portions are set and an outstanding 
filtering function is achieved. Furthermore, since one or more surface acoustic wave 
filters are provided so as to have a balanced-to-unbalanced conversion function, signal 
terminals of balanced terminals and unbalanced terminals are provided. 

In addition, in the above-described surface acoustic wave device, since at least one 
electrode finger of the outermost electrode fingers in adjacent comb-shaped electrode 
portions is connected to a signal terminal, grounding both of the adjacent outermost 
electrode fingers is prevented. Therefore, in the above-described surface acoustic wave 
device, the difference of characteristics between comb-shaped electrode portions which is 
caused by grounding both of the adjacent outermost electrode fingers is greatly reduced, 
and the balancing between the balanced terminals is greatly improved. 

A surface acoustic wave device according to another preferred embodiment of the 
present invention includes a piezoelectric substrate, at least one surface acoustic wave 
filter including at least two comb-shaped electrode portions provided along a propagation 
direction of surface acoustic waves on the piezoelectric substrate, the at least one surface 
acoustic wave filter provided on the piezoelectric substrate so as to have a balanced-to- 
unbalanced conversion function. Electrode fingers facing each other in each of adjacent 
comb-shaped electrode portions are arranged to excite a surface acoustic wave between 
the electrode fingers. 

According to the above-described surface acoustic wave device, since the facing 
electrode fingers in adjacent comb-shaped electrode portions are arranged to excite a 
surface acoustic wave between the electrode fingers, the difference of characteristics 
between comb-shaped electrode portions, which is caused when the surface acoustic 
waves are not excited between the above electrode fingers, is prevented, and the balancing 
between balanced terminals is greatly improved. 

In the above-described surface acoustic wave device, the surface acoustic wave 
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filter is preferably a longitudinally coupled resonator type surface acoustic wave filter. 
Further in the above surface acoustic wave device, the surface acoustic wave filter 
preferably includes three comb-shaped electrode portions. 

According to the above-described surface acoustic wave device, since the surface 
acoustic wave filter is a longitudinally coupled resonator type surface acoustic wave filter 
or includes three comb-shaped electrode portions, a balanced-to-unbalanced conversion 
function is easily achieved. 

In the above-described surface acoustic wave device, two surface acoustic wave 
filters, in which the phase is 1 80 degrees offset from each other, are preferably included. 
According to the above-described configuration, because the phase of the two surface 
acoustic wave filters is 180 degrees offset from each other, a balanced-to-unbalanced 
conversion function is more effectively achieved, the attenuation in a stopband is 
increased by using a plurality of surface acoustic wave filters, and filtering characteristics 
are greatly improved. 

In the above-described surface acoustic wave device, the surface acoustic wave 
filter includes the three comb-shaped electrode portions provided along the propagation 
direction of the surface acoustic waves, the middle comb-shaped electrode portion is 
connected to an unbalanced terminal and the left and right comb-shaped electrode portions 
are connected to balanced terminals, and the phase of the left and right comb-shaped 
electrode portions is 180 degrees offset from each other. 

According to the above-described configuration, since the phase of the left and 
right comb-shaped electrode portions is 1 80 degrees offset from each other, a balanced-to- 
unbalanced conversion function is achieved by using one surface acoustic wave filter. 
Therefore, the configuration of the above-described surface acoustic wave device is 
simplified. 

A communication device according to another preferred embodiment of the present 
invention includes surface acoustic wave devices according to preferred embodiments of 
the present invention described above. Since the communication device has a complex 
structure having a filtering function and a balanced-to-unbalanced conversion function, the 
size of the communication device is greatly reduced, and, in addition, the balancing is 
greatly improved, the transmission characteristics are outstanding, and the communication 
capability is greatly improved. 

As described above, a surface acoustic wave device according to preferred 
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embodiments of the present invention has a function of conversion between balanced and 
unbalanced signals and greatly improves the balancing, particularly the amplitude 
balancing within the passband, such that at least one of the outermost electrode fingers is 
connected to a signal terminal and grounded electrode fingers disposed side by side is 
prevented. 

Furthermore, in the above-described configuration, an increased bandwidth is 
produced in comparison with related examples. 

Other feature, elements, characteristics and advantages of the present invention will 
become more apparent from the following detailed deiscription of preferred embodiments 
of the present invention with reference to the attached drawings. 

Brief Description of the Drawings 

Fig. 1 shows a surface acoustic wave device according to a preferred embodiment 
of the present invention. 

Fig. 2 shows one surface acoustic wave filter of a surface acoustic wave device 
shown in Fig. 1. 

Fig. 3 shows the other surface acoustic wave filter of a surface acoustic wave 
device shown in Fig. 1. 

Fig. 4 shows a surface acoustic wave device of a related example. 

Fig. 5 shows one surface acoustic wave filter of a surface acoustic wave device of 
the related example. 

Fig. 6 shows the other surface acoustic wave filter of a surface acoustic wave 
device of the related example. 

Fig. 7 shows a surface acoustic wave device of another related example. 

Fig. 8 shows a surface acoustic wave device according to another preferred 
embodiment of the present invention. 

Fig. 9 is a graph for comparing the attenuation of the four surface acoustic wave 
filters shown in Figs. 2, 3, 5, and 6. 

Fig. 10 is a graph showing the amplitude difference in the passband of the surface 
acoustic wave filters shown in Figs. 5 and 6. 

Fig. 1 1 is a graph showing the amplitude difference in the passband of the surface 
acoustic wave filters shown in Figs. 3 and 5. 

Fig. 12 is a graph showing the amplitude difference in the passband of the surface 
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acoustic wave filters shown in Figs. 2 and 6. 

Fig. 13 is a graph showing the amplitude difference in the passband of the surface 
acoustic wave filters shown in Figs. 2 and 3. 

Fig. 14 shows a surface acoustic wave device of another related example. 

Fig. 15 shows the construction in outline of a surface acoustic wave device of 
another example according to the present invention. 

Fig. 16 is a graph for comparing the amplitude balancing of the other related 
example and the other example. 

Fig. 17 is a graph for comparing the attenuation of the other related example and 
the preferred embodiment shown in Fig. 8. 

Fig. 18 shows a surface acoustic wave device according to another preferred 
embodiment of the present invention. 

Fig. 19 shows a surface acoustic wave device according to another preferred 
embodiment of the present invention. 

Fig. 20 shows a surface acoustic wave device according to another preferred 
embodiment of the present invention. 

Fig. 21 shows a surface acoustic wave device according to another preferred 
embodiment of the present invention. 

Fig. 22 is a block diagram of the essential portion of a communication device using 
a surface acoustic wave device according to preferred embodiments of the present 
invention. 

Detailed Description of Preferred Embodiments 

Hereinafter, preferred embodiments of the present invention are described with 
reference to Figs. 1 to 22. 

A surface acoustic wave device A according to EXAMPLE 1 of the present 
invention is shown in Fig. 1. Moreover, in each of the following examples, a DCS 
(Digital Communication System) receiving filter is illustrated and described, as an 
example. In a surface acoustic wave device A according to EXAMPLE 1 , as shown in 
Figs. 1 to 3, two longitudinally coupled resonator type surface acoustic wave filters 1 and 
2 are provided on a piezoelectric substrate 60 made of, for example, a material of 40 ± 5° 
Y-cut X propagation LiTaCb by using aluminum electrodes (foils) formed by a method of 
photolithography, or other suitable method. Each of the surface acoustic wave filters 1 
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and 2 is arranged along the propagation direction of a surface acoustic wave. Thus, 
miniaturization is achieved. 

The surface acoustic wave filter 1 includes at least two, and preferably three IDTs 
11, 12, and 13 arranged in this order along the propagation direction of a surface acoustic 
wave, and reflectors 14 and 15 arranged so as to sandwich the IDTs 11, 12, and 13. The 
surface acoustic wave filter 2 includes at least two, and preferably three IDTs 21, 22, and 
23 in this order along the propagation direction of a surface acoustic wave, and reflectors 
14 and 15 arranged so as to sandwich the IDTs 21, 22, and 23. 

The IDTs 11, 12, 13, 21, 22, and 23 are provided with two electrode-finger portions 
having belt-shaped base end portions (bus bars) and a plurality of electrode fingers, 
arranged substantially parallel to each other, which extend from one side portion of the 
base end portion in the direction that is substantially perpendicular to the base end portion, 
each of the above electrode-finger portions is arranged such that the electrode fingers are 
inserted between the other electrode fingers and the side portions of the electrode fingers 
of each of the above electrode-finger portions face each other, and each is provided with 
an odd total number of electrode fingers. 

In the IDT 11, signal conversion characteristics and passbands are determined by 
setting the length and width of each electrode finger, the space between adjacent electrode 
fingers, and the cross width showing the length where electrode fingers inserted between 
the other electrode fingers face each other. Furthermore, the other IDTs to be described 
later are constructed and function in the same manner. 

The reflectors reflect a surface acoustic wave propagated to the reflectors and 
return the wave in the direction in which the wave was propagated. That is, the reflectors 
are provided with a pair of belt-shaped base end portions (bus bars) and a plurality of 
electrode fingers, which are substantially parallel to each other, which extends from one 
side portion of each base end portion in the direction that is substantially perpendicular to 
the long side of the above base end portion and which link each of the above end portions. 

In this manner, the reflectors are excited by a propagated surface acoustic wave, 
such that a surface acoustic wave generated by the excited electric signal offsets the 
traveling surface acoustic wave, and a new surface acoustic wave in the opposite direction 
to the propagation direction of the above surface acoustic wave is generated. Therefore, 
the reflectors function as pseudo reflectors of a propagated surface acoustic wave. 

The surface acoustic wave filter 1 is configured such that the IDTs 11 and 13 are 
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arranged to sandwich the IDT 12 from its left and right sides along the propagation 
direction of a surface acoustic wave and the reflectors 14 and 15 are arranged to sandwich 
the IDTs 11 and 13. Therefore, the length direction of the electrode fingers of each of the 
EDTs 11, 12, and 13 and each of the reflectors 14 and 15 are arranged so as to be 
substantially perpendicular to the propagation direction of a surface acoustic wave. 

Furthermore, in the above surface acoustic wave device A, the pitch of a few 
electrode fingers (narrow-pitched electrode fingers) is preferably narrower than the pitch 
of the other electrode fingers of the IDTs at the locations where the IDT 12 and the EDTs ' 
1 1 and 13 are adjacent to each other and the IDT 22 and the IDTs 21 and 23 are adjacent to 
each other (locations 11c, 12c, 12d, 13c, 21c, 22c, 22d, and 23c in Figs. 1 to 3). In this 
manner, the insertion loss is greatly reduced. 

Moreover, the space between IDTs at the neighboring locations where the IDTs 11 
and 12 are farther from each other (locations between 11c and 12c and between 22d and 
23c shown in Figs. 1 to 3) is greater than the space between IDTs at the other neighboring 
locations (locations between 12d and 13c and between 21c and 22c shown in Figs. 1 to 3). 

In addition, each of the IDT and the IDT 22 is arranged so as to be symmetric with 
respect to a line of the propagation direction of a surface acoustic wave. Because of this, 
the phases of the IDT 12 and the IDT 22 are 180 degrees offset from each other. 
Therefore, the IDT 12 and IDT 22 perform a function of conversion between balanced and 
unbalanced. In Figs. 1 to 3, the number of electrode fingers is reduced to simplify the 
drawings. 

Since the total number of electrodes is odd, the IDT 11 has an electrode-finger 
portion 11a and an electrode-finger portion lib in which the number of electrode fingers is 
less than that of the electrode-finger portion 11a. In the IDT 1 1 , fee electrode fingers 
(outermost electrode fingers) at both ends in the propagation direction of a surface 
acoustic wave are defined by the electrode-finger portion 11a. Furthermore, in the same 
manner, since the total number of electrode fingers is odd, the IDT 13 has an electrode- 
finger portion 13a and an electrode-finger portion 1 3b in which the number of electrode 
fingers is less than that of the electrode-finger portion 13 a. Accordingly, in the IDT 13, 
the electrode fingers (outermost electrode fingers) at both ends in the propagation 
direction of a surface acoustic wave are defined by the electrode-finger portion 13a. 

In the above-described surface acoustic wave device A, at least one electrode finger 
of the adjacent outermost electrode fingers of the IDTs, which are adjacent to each other, 
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is connected to a signal terminal. That is, the electrode fingers, facing each other, of the 
IDTs, which are adjacent to each other, are arranged such that a surface acoustic is excited 
between the electrode fingers. 

The specific description of such a configuration with now be given. In the surface 
acoustic wave filter 1, the electrode-finger portion 11a and the electrode-finger portion 13a 
are connected to a balanced terminal 6, and each of the electrode-finger portion lib and 
the electrode-finger portion 1 3b is grounded. 

In the surface acoustic wave filter 2, the electrode-finger portions 21a and 23a 
having more electrode fingers of the IDTs 21 and 23 are also connected to the other 
balanced terminal 7, and the surface acoustic wave filter 2 is preferably the same as the 
surface acoustic wave filter 1 except that the IDT 22 is different from the IDT 12 as will 
be described later. 

Since the total number of electrodes is odd, the IDT 12 has an electrode-finger 
portion 12a and an electrode-finger portion 12b in which the number of electrode fingers 
is less than in the electrode-finger portion 12a. Accordingly, in the IDT 12, the electrode 
fingers (outermost electrode fingers) at both ends in the propagation direction of a surface 
acoustic wave are defined by the electrode-finger portion 12a. The electrode-finger 
portion 12a is connected to an unbalanced terminal 5. The electrode-finger portion 12b is 
grounded. Furthermore, since the total number of electrodes is odd, the IDT 22 has an 
electrode-finger portion 22a and an electrode-finger portion 22b in which the number of 
electrode fingers is less than in the electrode-finger portion 22a. Accordingly, in the IDT 
22, the electrode fingers (outermost electrode fingers) at both ends in the propagation 
direction of a surface acoustic wave are defined by the electrode-finger portion 22a. The 
electrode-finger portion 22a is grounded. The electrode-finger portion 22b is connected to 
the unbalanced terminal 5. 

Therefore, in the above surface acoustic wave device A, at least one of the 
outermost electrode fingers of the IDTs, which are adjacent to each other, is connected to 
the unbalanced terminal 5 or the balanced terminals 6 and 7 as a signal terminal. 

Next, for comparison, a surface acoustic wave filter 3 (surface acoustic wave filter 
shown in Fig. 5), which is used in a surface acoustic wave device B in Fig. 4 showing a 
related surface acoustic wave device (RELATED EXAMPLE 1), and three other surface 
acoustic wave filters, which are constructed by reversing the electrode polarities in the 
surface acoustic wave filter 3, are described. 
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The surface acoustic wave filter 3 is a longitudinally coupled resonator type surface 
acoustic wave filter having three.EDTs, the IDT 31 and IDT 33 are arranged at the left and 
right sides of the central IDT 32 in the propagation direction of a surface acoustic wave as 
described above, and the reflectors 14 and 15 are arranged on both sides of the left and 
right IDTs 31 and 33. 

A surface acoustic wave filter 4 shown in Fig. 6 has the same structure as the 
surface acoustic wave filter 3 in Fig. 5 except that the IDT 32 is replaced with an IDT 42 
in which the polarity of the IDT 32 is reversed, and the surface acoustic wave filter 4 is 
1 80 degrees offset in phase from the surface acoustic wave filter 3 in Fig. 5. The surface 
acoustic wave filter 1 in Fig. 2 includes three IDTs 11, 12, and 13 having the polarity of all 
the three IDTs (IDT 31, IDT 32, and IDT 33) in Fig. 5 reversed and has the same phase as 
in Fig. 5. 

The surface acoustic wave filter 2 in Fig. 3 described earlier is configured such that 
the polarity of all the three IDTs (IDT 41 , IDT 42, and IDT 43) is reversed and has the 
same phase as in Fig. 6. From another point of view, in Figs. 3 and 5, since the polarity of 
the left and right IDTs is reversed, the filters are 180 degrees different in phase from each 
other, and, in the same way, in Figs. 2 and 6, since the polarities of Hie left and right IDTs 
is reversed, the filters are 1 80 degrees different in phase from each other. 

Accordingly, the surface acoustic wave filters shown in Figs. 2 and 5 are 180 
degrees offset in phase from the surface acoustic wave filters shown in Figs. 3 and 6. 
These relationship is summarized as in Table 1. 
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Table 1 



Fig. 5 (3) 

Reversal of polarity of 
aJI the IDTs 



<=* Reversal of polarity of centra! IDT 



Reversal of polarity of 
left and right IDTs 




Reversal of polarity of 
left and right IDTs 




<=> Reversal of polarity of central IDT "=> 



Fig. 6 (4) 
ft 

Reversal of polarity 
of all the IDTs 

a 

Fig. 3 (2) 



Therefore, surface acoustic wave devices having a function of conversion between 
balanced and unbalanced are constructed by combining surface acoustic wave filters that 
are 1 80 degrees offset in phase from each other out of the four surface acoustic wave 
filters shown here. 

For example, when the surface acoustic wave filter 3 shown in Fig. 5 and the 
surface acoustic wave filter 4 shown in Fig. 6 are combined, the surface acoustic device B 
of the related example in Fig. 4 (called RELATED EXAMPLE 1 in order to distinguish 
that from other related examples to be described later) is obtained. 

In- the same manner, when the surface acoustic wave filter 3 shown in Fig. 5 and 
the surface acoustic wave filter 2 shown in Fig. 3 are combined, a surface acoustic wave 
device C of RELATED EXAMPLE 2 shown in Fig. 7 is obtained, when the surface 
acoustic wave filter 1 shown in Fig. 2 and the surface acoustic wave filter 4 shown in Fig. 
6 are combined, a surface acoustic wave device D of EXAMPLE 2 shown in Fig. 8 is 
obtained, and when the surface acoustic wave filter 1 shown in Fig. 2 and the surface 
acoustic wave filter 2 shown in Fig. 3 are combined, the surface acoustic wave device A of 
EXAMPLE 1 shown in Fig. 1 is obtained. 

Here, the filtering characteristics of the four surface acoustic wave filters (surface 
acoustic wave filter 1 shown in Fig. 2, surface acoustic wave filter 2 shown in Fig. 3, 
surface acoustic wave filter 3 shown in Fig. 5, and surface acoustic wave filter 4 shown in 
Fig. 6) are compared. The four surface acoustic wave filters are designed as follows. 

Here, since the four surface acoustic wave filters 1 to 4 are designed in the same 
manner except for the polarities of the electrode fingers are different from each other, the 
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surface acoustic wave filter 1 is taken as an example and described in detail. Furthermore, 
the electrode fingers (wavelength: X 2 ) located in the vicinity of the boundary between 
IDTs have a shorter wavelength than the electrode fingers (wavelength: of IDTs in the 
other portions (X\ > X 2 ). 

Hereinafter, a DCS reception filter is provided as an example and the operation, 
effect of the present invention are described. 
Cross width W: 44.2 X4 

Number of IDTs (in the order of 11, 12, and 13): 22 (3)/(3) 33 (3)/(3) 22, figures in the 
parentheses mean the number of electrode fingers of short wavelength (X 2 ). 
Wavelength X\ of IDTs: 2.15 
Wavelength X 2 of IDTs: L93 pm 
Wavelength XK of reflectors: 2.18 jxm 
Number of reflectors: 150 

Space between IDTs(Xi) and rDTs(X 2 ): 0.25Xi -f 0.25X 2 

Space between K>Ts(X 2 ) and TDTs(X 2 ): 0.50X 2 

Space between IDTs(^i) and reflectors: 0.49A.1 

Duty, IDTs(Xi): 0.63 

Duty, IDTs(X. 2 ): 0.60 

Duty, reflectors: 0.57 

Film thickness of electrodes: 0.093X\ 

In Fig. 9, the attenuation in the vicinity of the passband of the four surface acoustic 
wave filters 1 to 4 is shown. It is understood that only the surface acoustic wave filter 3 
shown by a broken line in Fig. 9 has a narrower bandwidth and that the characteristics is 
greatly different in the high-frequency side of the passband from those of the other three 
surface acoustic wave filters 1, 2, and 4. Since the high-frequency side of the passband is 
determined by the excitation of a surface acoustic wave generated at the boundaries 
between IDTs, the surface acoustic wave filter 3 having no excited surface acoustic wave 
generated at the boundaries between IDTs has characteristics in which the high-frequency 
side of the passband is deteriorated. 

As a surface acoustic wave device having a function of conversion between 
balanced and unbalanced which can be constructed by combination of surface acoustic 
wave filters being 1 80 degrees offset in phase from each other out of the four surface 
acoustic wave filters 1 to 4, the four kinds of surface acoustic wave A shown in Fig. 1, 
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surface acoustic wave device B shown in Fig. 4, surface acoustic wave device C shown in 
Fig. 7, and surface acoustic wave device D shown in Fig. 8 as shown earlier are 
considered. 

Regarding these four configurations, the amplitude difference (absolute value) in 
the vicinity of the passband of the two surface acoustic wave filters defining each of the 
surface acoustic wave devices is shown in Figs. 10 to 13. The dotted lines in the drawings 
show the required bandwidth (1805 MHz to 1880 MHz) in a DCS reception system. 
Furthermore, Fig. 10 shows the amplitude difference in RELATED EXAMPLE 1. 

In Table 2, the maximum amplitude difference in the required bandwidth in the 
DCS reception system shown in Figs. 10 to 13 is shown. When evaluated by using these 
maximum amplitude differences, although the maximum amplitude difference in the 
RELATED EXAMPLE 1 (the surface acoustic wave device B shown in Fig. 4) is about 
1.2 dB within the passband as shown in Fig. 10, the maximum amplitude difference in the 
present invention (EXAMPLE 1: the surface acoustic wave device A shown in Fig. 1) is 
reduced to be about 0.6 dB as shown in Fig. 13, and thus, the balancing is improved. 

Furthermore, in the surface acoustic wave device C (RELATED EXAMPLE 2) 
shown in Fig. 7 which includes the surface acoustic wave filter 3 having a narrow 
bandwidth similar to RELATED EXAMPLE 1, the maximum amplitude difference is 
about 1.5 dB (Fig. 1). On the other hand, in the surface acoustic wave device D 
(EXAMPLE 2) shown in Fig. 8 which does not include the surface acoustic wave filter 3, 
and includes the surface acoustic wave filter 1, the maximum amplitude difference is 
about 0.8 dB (Fig. 12), and thus, the balancing is improved. 

Furthermore, these improvements are not reversed by the parameters of the 
substrate or the number f IDTs. 
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Table 2 



Surface acoustic wave device 


B (Fig. 4) 
RELATED 
EXAMPLE 1 


CfFiR. 7) 
RELATED 
EXAMPLE 2 


D (Fie. 8^ 
EXAMPLE 2 


A (Fig. 1) 
EXAMPLE 1 


Combination of surface acoustic 
wave filters 


3 and 4 


2 and 3 


1 and 4 


1 and 2 


Amplitude difference [dB] 


1.2 
(Fig. 10) 


1.5 
(Fig. 11) 


0.8 
(Fig. 12) 


0.6 
(Fig. 13) 



According to the above result, the four combinations defining surface acoustic 
wave devices having a function of conversion between balanced and unbalanced by 
combining two surface acoustic wave filters that are 180 degrees offset in phase from each 
other out of the surface acoustic wave filter 1, the surface acoustic wave filter 2, the 
surface acoustic wave filter 3, and the surface acoustic wave filter 4, are classified into 
two groups. 

One group (the surface acoustic wave device B shown in Fig. 4 and the surface 
acoustic wave device C shown in Fig. 7) includes the surface acoustic wave filter 3 where 
the grounded electrode fingers are arranged at the boundaries between EDTs as in 
RELATED EXAMPLE 1 and RELATED EXAMPLE 2. 

The other group (the surface acoustic wave device A and the surface acoustic wave 
device C) does not include the surface acoustic wave filter 3 where the grounded electrode 
fingers are arranged at the boundaries between IDTs, but rather includes the surface 
acoustic wave filter 1, as in EXAMPLE 1 and EXAMPLE 2 of the present invention. 

As shown in Figs. 10 to 13, the amplitude difference within the passband in the 
surface acoustic wave devices A and D having the latter construction is less than in the 
surface acoustic wave devices B and C having the former construction. 

Thus, when constructed as EXAPLE 1 in Fig. 1 and EXAMPLE 2 Fig. 8, the 
amplitude difference between the two surface acoustic wave filters defining the surface 
acoustic wave devices is less than that of RELATED EXAMPLE 1 in Fig. 4. 

The reason for this effect is described below. In Fig. 4, the surface acoustic wave 
device B having a function of conversion between balanced and unbalanced includes the 
surface acoustic wave filter 3 and the surface acoustic wave filter 4 which is 180 degrees 
offset in phase from the surface acoustic wave filter 3. 
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On the other hand, in Fig. 1, the surface acoustic wave device A having a function 
of conversion between balanced and unbalanced includes the surface acoustic wave filter 

1 and the surface acoustic wave filter 2 which is 180 degrees offset in phase from the 
surface acoustic wave filter 1 . 

Furthermore, the polarity of all of the electrode fingers is reversed between the 
surface acoustic wave filter 3 and the surface acoustic wave filter 1, and, similarly, the 
polarity of all of the electrode fingers is reversed between the surface acoustic wave filter 

2 and the surface acoustic wave filter 4. 

What is to be noted here is the polarity of the electrode fingers at the boundaries 
between IDTs. In the surface acoustic wave filter 3 of RELATED EXAMPLE 1, since all 
of the outermost electrode-finger portions 31a, 32a, and 33a are grounded, the grounded 
electrode fingers are arranged at the boundaries between IDTs, and accordingly, no surface 
acoustic wave is excited 

On the other hand, in the surface acoustic wave filter 4, although the outermost 
electrode-finger portion 41a of the left IDT 41 and the outermost electrode-finger portion 
43a of the right IDT 43 are grounded, since the electrode-finger portion 42a of the middle 
IDT 42 is connected to an unbalance signal terminal 5, the grounded electrode finger and 
the electrode finger connected to the signal terminal are arranged side by side, and 
accordingly, a surface acoustic wave is excited. 

Therefore, in the surface acoustic wave filter 3 and the surface acoustic wave filter 
4, filtering characteristics are substantially different and the amplitude difference is 
increased. 

On the other hand, in the surface acoustic wave filter 1 defining the surface 
acoustic wave device in Fig. 1, because the outermost electrode-finger portions 11a, 12a, 
and 13a, are connected to an unbalanced terminal 5 or a balanced terminal 6 as a signal 
terminal, a surface acoustic wave is excited. 

In the surface acoustic wave filter 2, the electrode-finger portion 22a of the middle 
IDT 22, to which the adjacent electrode fingers at the boundaries between IDTs belong is 
grounded, the electrode-finger portion 21a of the left IDT 21 and the electrode-finger 
portion 23a of the right IDT 23 are connected to a signal terminal, and the grounded 
electrode finger and the electrode finger connected to a signal terminal are arranged side 
by side at the boundaries between IDTs, and accordingly a surface acoustic wave is 
excited. 
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Therefore, a surface acoustic wave is excited at the boundaries between IDTs of 
both of the surface acoustic wave filter 1 and the surface acoustic wave filter 2. Because 
of this, when compared to RELATED EXAMPLE 1, the characteristics of the two surface 
acoustic wave filters are very similar to each other and the amplitude difference is greatly 
reduced as compared to RELATED EXAMPLE 1 . 

The same thing can be said in Fig. 8 showing EXAMPLE 2, and, in both of the two 
surface acoustic wave filters (the surface acoustic wave filter 1 and the surface acoustic 
wave filter 4) defining EXAMPLE 2, since any grounded outermost electrode fingers are 
not arranged side by side in the boundaries between IDTs, the characteristics of the two 
surface acoustic wave filters 1 and 4 are very similar to each other and the amplitude 
difference is greatly reduced as compared to RELATED EXAMPLE 1 . 

According to preferred embodiments of the present invention, when compared with 
RELATED EXAMPLE 1 and RELATED EXAMPLE 2, the amplitude difference between 
the two surface acoustic wave filters is greatly reduced such that the surface acoustic wave 
filters defining a surface acoustic wave device having, a function of conversion between 
balanced and unbalanced are constructed so as to have no grounded electrode fingers 
arranged side by side at the boundaries between IDTs, and a surface acoustic wave device, 
greatly improved balancing, particularly the amplitude balancing inside the passband is 
obtained. 

Furthermore, a surface acoustic wave filter 3 having a function of conversion 
between balanced and unbalanced, and having an increased bandwidth, as compared with 
RELATED E AMPLE 1 and RELATED EXAMPLE 2, is obtained 

Next, the amplitude balancing characteristics, attenuation characteristics, and 
bandwidth of surface acoustic wave devices having a function of conversion between 
balanced and unbalanced are compared. A surface acoustic wave device E shown in Fig. 
14, including the surface acoustic wave device B shown in Fig. 4 is denoted as RELATED 
EXAMPLE 3. On the other hand, a surface acoustic wave device F shown in Fig. 15 
including the surface acoustic wave device A shown in Fig. 1 is denoted as EXAMPLE 3. 
The surface acoustic wave device E and the surface acoustic wave device F are compared. 

In RELATED EXAMPLE 3 in Fig. 14 and EXAMPLE 3 in Fig. 15, first traps 51 
and second traps 52 are provided in the surface acoustic wave device B shown in Fig. 4 
and the surface acoustic wave device A shown in Fig. 1, respectively. 

These traps 51 and 52 include an IDT and reflectors sandwiching the IDT, and the 
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traps are provided to ensure the attenuation outside the passband. The traps provided in 

RELATED EXAMPLE 3 and EXAMPLE 3 are designed and connected in the same 

manner. The detailed design of the first traps 51 is as follows. 

Cross width W: 19.4 X\ 

Number of pairs of IDTs: 1 20 

Wavelength Xi of IDTs: 2.08 jam 

Wavelength XR of reflectors: 2.08 jmn 

Number of reflectors: 30 

Space between IDTs and reflectors: 0.50A,i 

Duty factor of IDTs: 0.60 

Duty factor of reflectors: 0.60 

Film thickness of electrodes: 0.096Xi 

The detailed design of the second traps 52 is as follows. 

Cross width W: 36.5 X x 

Number of pairs of IDTs: 120 

Wavelength Xi of IDTs: 2.05 pm 

Wavelength XR of reflectors: 2.05 

Number of reflectors: 30 

Space between IDTs and reflectors: 0.50A,i • 

Duty factor of IDTs: 0.60 

Duty factor of reflectors: 0.60 

Film thickness of electrodes: 0.098A,i 

In the surface acoustic wave device F shown in Fig. 15 as EXAMPLE 3, the first 
traps 51 are connected in series between the surface acoustic wave filter 1 and the 
balanced terminal 6 and between the surface acoustic wave filter 2 and the balanced 
terminal 7, respectively, and the second traps 52 are connected in series between the 
surface acoustic wave filter 1 and the unbalanced terminal 5 and between the surface 
acoustic wave filter 2 and the unbalanced terminal 5, respectively. That is, the second 
traps 52 are connected in parallel from the side of the unbalanced terminal 5. 

In this manner, the surface acoustic wave device F having a function of conversion 
between balanced and unbalanced is constructed. Furthermore, the surface acoustic wave 
device E shown in Fig. 14 as RELATED EXAMPLE 3 is constructed in the same manner 
to include the traps 51 and 52, and has a function of conversion between balanced and 
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unbalanced. 

The amplitude balancing in the vicinity of the passband (1805 MHz to 1880 MHz) 
of EXAMPLE 3 shown in Fig. 15 is shown in Fig. 16 and the attenuation is shown in Fig. 
17. Furthermore, the characteristics of RELATED EXAMPLE 3 shown in Fig. 14 are also 
shown for comparison. 

When the amplitude balancing is compared in Fig. 1 6, although the amplitude 
balancing of RELATED EXAMPLE 3 is about 3.5 dB on the higher-frequency side of the 
passband, the amplitude balancing of EXAMPLE 3 is improved on the higher-frequency 
side of the passband to about 1 dB. Even if the amplitude balancing is compared over the 
entire frequency area inside the passband, although the amplitude balancing of RELATED 
EXAMPLE 3 is about 3.5 dB, the amplitude balancing of EXAMPLE 3 is improved to 
about 2.5 dB. In this manner, the amplitude balancing, particularly the amplitude 
balancing on the higher-frequency side of the passband is greatly improved. 

Furthermore, as clearly seen in Fig. 17 in which the attenuation is compared, as 
another effect, the width of the passband of EXAMPLE 3 is expanded as compared to 
RELATED EXAMPLE 3 (94 MHz with RELATED EXAMPLE 3 and 1 00 MHz with 
EXAMPLE 3 under the condition of 4 dB bandwidth). 

Moreover, although a 40 ± 5 degrees Y cut X propagation LiTa0 3 substrate is 
preferably used in EXAMPLE 3, in the present invention, the material is not limited to this 
substrate, and, even if substrates of 64 to 72 degrees Y cut X propagation LiNb03, 41 
degrees Y cut X propagation L£Nb03 5 or other suitable substrate, are used, the same effect 
is obtained. 

Furthermore, the surface acoustic wave device A in Fig. 1 is provided in 
EXAMPLE 3. However, if the surface acoustic wave device D in Fig. 8 is provided, the 
same effect is obtained. In EXAMPLE 3, a surface acoustic wave device including two of 
three-IDT type longitudinally coupled resonator surface acoustic wave filters is provided 
as an example in EXAMPLE 3. However, a surface acoustic wave device G (another 
example of EXAMPLE 4) using four surface acoustic wave filters as in Fig. 18 without 
limiting the number of surface acoustic wave filters to two, a surface acoustic wave device 
H (another example of EXAMPLE 5) having five IDTs, instead of three IDTs, in surface 
acoustic wave filters as in Fig. 19, and other surface acoustic wave devices made of 
surface acoustic wave filters having two or more IDTs also produces the same effect, such 
that grounding both of the adjacent outermost electrode fingers is avoided. The same 
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effect is obtained such that, in designing each surface acoustic filter, the cross width and 
the number of IDTs are arbitrarily changed and the traps are changed to increase or 
decrease as required in order to obtain desired frequency characteristics. 

Next, another example of EXAMPLE 6 of preferred embodiments of the present 
invention is described. Fig. 20 shows a surface acoustic wave device J having a function 
of conversion between balanced and unbalanced according to EXAMPLE 6. Fig. 20 
shows one longitudinally coupled resonator type surface acoustic wave filter having three 
IDTs, the IDT 11 and IDT 13 are arranged on the left and right sides of the middle IDT 71 
in the propagation direction of a surface acoustic wave, and a reflector 14 and a reflector 
15 are arranged on both sides of the left and right IDTs 11 and 13. 

The unbalanced terminal 5 is connected to the electrode-finger portion 71a of the 
IDT 71 . One balanced terminal 6 is connected to the electrode-finger portion 11a of the 
IDT 11. The other balanced terminal 7 is connected to the electrode-finger portion 13a of 
the IDT 11. According to EXAMPLE 6, the phases at the IDTs 1 1 and 1 3 symmetrically 
arranged on both left and right sides of the middle IDT 71 are 180 degrees offset from 
each other such that the total number of electrode fingers of the middle IDT 71 connected 
to the unbalanced terminal 5 is preferably an even number and grounding both of the 
adjacent outermost electrode fingers is avoided. Thus, a surface acoustic wave device 
according to preferred embodiments of the present invention which has a function of 
conversion between balanced and unbalanced and greatly improved balancing is obtained. 

Next, a surface acoustic wave device K having a function of conversion between 
balanced and unbalanced according to another example (EXAMPLE 7), which is shown in 
Fig. 21, is described. The difference between Fig. 21 and Fig. 20 is that the polarity of the 
electrode-finger portions is reversed by making the number of electrode fingers of the 
middle IDT 81 an odd number and by using the above IDT 3 1 instead of the left and right 
IDTs, for example, instead of the IDT 1 1 . Thus, a surface acoustic wave device K having 
a function of conversion between balanced and unbalanced according to preferred 
embodiments of the present invention is obtained/ 

Regarding the polarity of the adjacent outermost electrode fingers at the boundaries 
between IDTs of the surface acoustic wave device J in Fig. 20, both the electrode-finger 
portion 11a and the electrode-finger portion 71a are connected to signal terminals. 

Furthermore, regarding the electrode-finger portion 71b and the electrode-finger 
portion 13a, the electrode-finger portion 71b is grounded, but the electrode-finger portion 
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13a is connected to a signal terminal. Accordingly, since grounded electrode fingers are 
not arranged side by side at the boundaries between IDTs, excellent balancing and 
increased bandwidth filtering characteristics are obtained in the same manner as in 
EXAMPLE 1. 

Furthermore, in EXAMPLE 7 in Fig. 21, regarding the electrode-finger portion 31a 
and the electrode-finger portion 81a, although the electrode- finger portion 31a is grounded, 
the electrode-finger portion 81a is connected to a signal terminal, and both of the 
electrode-finger portion 31a and the electrode-finger portion 81a are connected to signal 
terminals. 

Therefore, in the same manner as in EXAMPLE 6 in Fig. 20, grounded electrode 
fingers are not arranged side by side at the boundaries between IDTs, and accordingly 
excellent balancing and increase bandwidth filtering characteristics are obtained in the 
same manner as in EXAMPLE 1 . 

In the same manner as in EXAMPLE 1 , not only a 40 ± 5 degrees Y cut X 
propagation LiTaCb substrate, but also substrates of 64 to 72 degrees Y cut X propagation 
LiNbCb, 41 degrees Y cut X propagation L£Nb03, etc., produce the same effect 

The number of IDTs is not limited to three, and, even if the cross width and the 
number of IDTs are changed and traps are included when required in order to obtain 
desired frequency characteristics, the same effect is produced. 

Next, a communication device according to another preferred embodiment of the 
present invention is described with reference to Fig. 22. As shown in Fig. 22, in the 
communication device 100, the receiver side (Rx side) for reception includes an antenna 
101, an antenna sharing portion/RF top filter 102, an amplifier 103, an R x interstage filter 
104, a mixer 105, a first IF filter 106, a mixer 107, a second IF filter 108, first and second 
synthesizers 111, a TCXO (temperature compensated crystal oscillator) 112, a driver 113, 
and a local filter 114. 

As shown by a double line in Fig. 22, it is desirable to transmit balanced signals 
from the Rx interstage filter 104 to the mixer 105 to ensure balancing. 

Furthermore, in the communication device, the transmitter side (T x side) for 
transmission includes the antenna 101, the antenna sharing portion/RF top filter 102, a Tx 
IF filter 121, a mixer 122, a T x interstage filter 123, an amplifier 124, a coupler 125, an 
isolator 126, and an APC (automatic power control) 127. 

Then, in the above R x interstage filter 104, first IF filter 106, T x IF filter 121, T x 
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interstage filter 123, the surface acoustic wave devices according to preferred 
embodiments of the present invention (EXAMPLE 1 to EXAMPLE 7) are preferably 
utilized. 

A surface acoustic wave device according to preferred embodiments of the present 
invention has a function of conversion between balanced and unbalanced together with a 
filtering function, and, in addition, has greatly improved amplitude characteristics and 
phase characteristics between balanced signals. 

Therefore, in a communication device using the above surface acoustic wave 
device according to a preferred embodiment of the present invention, because of the 
surface acoustic wave device used, when the frequency band for use is increased, the size 
of the communication device is greatly reduced, and the transmission characteristics are 
greatly improved due to the excellent function of conversion between balanced and 
unbalanced. 

While preferred embodiments of the invention have been described above, it is to 
be understood that variations and modifications will be apparent to those skilled in the art 
without departing the scope and spirit of the invention. The scope of the invention, 
therefore, is to be determined solely by the following claims. 
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CLAIMS 

1 . A surface acoustic wave device comprising: 
a piezoelectric substrate; 

at least one surface acoustic wave filter including at least two comb-shaped 
electrode portions arranged along a propagation direction of surface acoustic waves on the 
piezoelectric substrate, said at least one surface acoustic wave filter being arranged on the 
piezoelectric substrate so as to have a balanced-to-unbalanced conversion function; 
wherein 

at least one electrode finger of outermost electrode fingers in each of adjacent 
comb-shaped electrode portions is connected to a signal terminal. 

2. A surface acoustic wave device comprising: 
a piezoelectric substrate; 

at least one surface acoustic wave filter including at least two comb-shaped 
electrode portions arranged along a propagation direction of surface acoustic waves on the 
piezoelectric substrate, said at least one surface acoustic wave filter being arranged on the 
piezoelectric substrate so as to have a balanced-to-unbalanced conversion function; 
wherein 

electrode fingers facing each other in each of adjacent comb-shaped electrode 
portions are provided to be able to excite the surface acoustic waves between the electrode 
fingers. 

3. A surface acoustic wave device as set forth in claim 1 or 2, wherein the surface 
acoustic wave filter is a longitudinally coupled resonator type surface acoustic wave filter. 

4. A surface acoustic wave device as set forth in claim 3, wherein the surface 
acoustic wave filter includes three comb-shaped electrode portions. 

5. A surface acoustic wave device as set forth in claim 1 or 2, wherein two surface 
acoustic wave filters, in which the phase is 180 degrees offset from each other, are 
included. 

6. A surface acoustic wave device as set forth in claim 4, wherein the surface 
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acoustic wave filter includes the three comb-shaped electrode portions provided along the 
propagation direction of the surface acoustic waves, the middle comb-shaped electrode 
portion is connected to an unbalanced terminal and the left and right comb-shaped 
electrode portions are connected to balanced terminals, and the phase of the left and right 
comb-shaped electrode portions is 180 degrees offset from each other. 

7. A communication device comprising a surface acoustic wave device as set forth 
in claim 1 or 2. 
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